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Humic acid (HA) impairs water quality due to its reactivity with many substances 
present in water. During the drinking-water treatment process and water distribution via 
water supply system, HA present in water may react with chlorine and other disinfects 
producing harmful disinfection by-products (DBPs), which are categorized by the Inter-
national Agency for Research on Cancer (IARC) in groups 2A (probably carcinogenic to 
humans) or 2B (possibly carcinogenic to humans). Several studies have investigated and 
reported increased HA removal by iron-coated sorbents. Therefore, the aim of this study 
was to examine the removal of HA from water by two commercially available bitumi-
nous coal-based activated carbons (ACs), Cullar D (Cm) and Hydraffin 30N (Hm). Prior 
to testing the chosen adsorbents were chemically modified according to two protocols: 
(1) oxidation by acid mixture (m1), and (2) oxidation with acid mixture followed by 
iron-ions impregnation (m2). The batch adsorption tests were used to test their efficiency 
in HA removal under various values of process parameters (initial HA concentration, pH, 
contact time, adsorbent mass, and temperature). The results showed that up to 96 % of 
HA removal can be obtained by Cullar D modification Cm1, while maximum uptake of 
HA by Hydraffin 30N modification was achieved with Hm1 (62.1 %). After surface sat-
uration with Fe3+ –ions (m2), both activated carbons showed similar and lower perfor-
mances in HA removal (Cm2 up to 66.5 %, and Hm2 up to 50.3 %). FTIR analysis 
confirmed differences in modified AC structures, as well as favorable structure of Cm1 
for HA adsorption.
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Introduction
Natural organic matter (NOM) is a complex 
mixture mostly consisting of the following humic 
substances: humin, humic acid (HA), and fulvic 
acid. Humic acid is one of the main constituents of 
NOM, and together with fulvic acid presents up to 
80 % of the dissolved organics in natural waters. 
HA is not particularly toxic, but impairs the organ-
oleptic properties of water. However, present in 
treated drinking water, HA reacts with chlorine and 
chlorine-based disinfects producing several differ-
ent compounds, such as trihalomethanes (THMs), 
haloacetic acids (HAAs) and haloketones, classified 
as disinfection by-products (DBPs), which the In-
ternational Agency for Research on Cancer (IARC) 
has categorized as probably carcinogenic to humans 
(group 2A) or possibly carcinogenic to humans 
(group 2B). Moreover, HA can also bind molecules 
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of pesticides and heavy metals on its surface, and, 
therefore, natural organic matter, and HA as part of 
them, should be removed during drinking-water 
treatment.1
Several technologies are known for removing 
HA from aqueous solutions, such as coagulation 
with flocculation, membrane filtration, ion ex-
change, and adsorption.2
Effective removal of NOM and HA is still a 
challenge for water treatment technologies. Con-
ventional method of coagulation and flocculation is 
mostly used in many water treatment plants, but 
high efficiency was obtained when filtration by sin-
gle-media and dual-media filters were used, as well 
as ion exchange, membrane filtration, advanced ox-
idation processes, and adsorption on granular acti-
vated carbon.2–6
Ion exchange presents an economically accept-
able substitution for conventional HA removal, but 
is more suitable for smaller water-supply systems 
and a relatively lower initial HA concentration.2 
During the recent decade, membrane filtration has 
been tested in many studies for HA removal.7 Its 
high efficiency, process simplicity, and the quality 
of the treated water caused a global trend of coagu-
lation and flocculation replacement by membrane 
filtration. However, the main problem associated 
with water membrane filtration is the membrane 
fouling by NOM fractions. Therefore, as an optimal 
solution, many water treatment plants kept the co-
agulation and flocculation process as a raw water 
pretreatment step. In these cases, the efficiency of 
HA removal is mostly caused by the type of coagu-
lant, process conditions, membrane type, and the 
characteristics of raw water.2,7–9
Due to low negative environmental footprint, 
HA removal by various types of advanced oxidation 
processes (AOPs) also came into the focus of many 
studies. AOPs are characterized by ability to form 
strong oxidizing hydroxyl radicals in water that ox-
idize and eliminate many different contaminants 
from raw natural water and wastewater.2
Recently, Salvestrini et al.10 and Du et al.11 re-
ported efficient humic acid removal by electro-
chemical oxidation (EO). Salvestrini et al.10 tested 
HA removal using platinum-coated titanium elec-
trodes and reported rapid oxidation of HA into 
smaller molecules with lower aromaticity and 
 conjugation degree, while Du et al.11, testing the 
treatment of nanofiltration concentrate EO with a 
boron-doped diamond anode, obtained total decom-
position of humic acids, antibiotics, and bacteria 
present in treated concentrate produced by mem-
brane filtration.
Among them, adsorption is a commonly used 
and widely researched technology, since it is cost-ef-
fective, flexible, and easy to operate. Many re-
searchers have tested various adsorbents and report-
ed that materials such as activated carbons, clays, 
zeolites, and iron oxides can be applied for effective 
water treatment. Activated carbons are the most 
commonly used adsorbents due to their pore size 
distribution and large surface areas where the active 
sites of HA functional groups can attach.12–15 Effi-
cient adsorption of numerous compounds onto ad-
sorbent is caused by a large number of functional 
groups on their surfaces, including the carboxyl, 
carbonyl, hydroxyl, lactone, and basic groups such 
as pyrrole, pyridine and amide groups.15
HA contains carboxylate groups as well as ali-
phatic and aromatic hydroxyl groups, negatively 
charged over the most of the pH range. Interaction 
between functional groups on the HA and charged 
surface sites on adsorbent is of particular impor-
tance for adsorption. Many research studies have 
reported that adsorption efficiency varies with the 
following key parameters: solution pH, adsor-
bent-adsorbate combination, adsorbent and adsor-
bate initial concentration, time of adsorbent and ad-
sorbate contact, as well as temperature of water.13,15,16
Researchers have also reported that reaction ac-
tive sites of the adsorbent surface and the functional 
groups of adsorbates can occur through electrostatic 
interactions, ligand exchange, cation bridging, 
H-bonding, hydrophobic interactions or Van der 
Waals attraction.13–15
Su et al.17 tested and reported the results of 
their study conducted with aim to investigate the 
possibility of Cr3+, Pb2+ and Cu2+ removal from 
waste water by adsorption onto an insoluble humic 
acid/starch composite microspheres (HS-CM). They 
founded that HS-CM had adsorption capacity for all 
three tested metal ions above one-hundred mg g–1 
even after five cycles of regeneration. Humic sub-
stances are recognized as the primary precursors of 
disinfectant by-products. HA reacts with halogens, 
mainly chlorine ion, during disinfection, forming 
THMs. CHCl3 and CHClBr2 are considered carcino-
genic, while CHBrCl2 is a mutagen that affects 
DNA. Therefore, HA concentration in water, as 
well as the presence of other NOM compounds in 
water increase the potential of DBPs formation.17–19
Many researchers have investigated the effects 
iron coating of various porous materials on their ad-
sorption capacities during removal of pollutants 
from water, since studies have shown that iron ox-
ide coating overwhelmed the surface electrical pro -
perties of the treated base material causing an in-
crease in adsorption capacities of treated material.19,20
Kitis et al.19 used natural pumice particles as 
base material for chemical modification and iron 
oxide coating. After modification, obtained iron- 
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coated adsorbent was tested for NOM removal. The 
authors reported that iron-coated pumice particles 
showed significantly higher efficiency of NOM re-
moval from water.
Ding et al.20 prepared iron oxide-coated sand 
and tested NOM removal efficiency, and, although 
modification of base material caused no changes in 
the physical properties of adsorbent, faster initial 
NOM adsorption and increase in adsorption capacity 
of iron-coated adsorbent was reported.
Therefore, the aim of this study was to examine 
the removal of HA from water by two commercially 
available bituminous coal-based activated carbons 
(ACs), Cullar D (Cm) and Hydraffin 30N (Hm). In 
this study, two commercially available bituminous 
coal-based activated carbons, Cullar D (C) and Hy-
draffin 30N (H), were chemically modified using 
two protocols: (1) oxidation by mixture of HNO3 
and H2SO4 to obtain modification 1 (m1), and (2) 
oxidation by mixture of HNO3 and H2SO4 followed 
by Fe3+ impregnation to obtained (m2). Both modi-
fications were tested for humic acid removal effi-
ciency and reduction in formation of disinfection 
by-products using absorbance ratio A254/A203, since 
this parameter is commonly reported as a good pre-
dictor of the trihalomethane formation potential 
(THMFP) during obligatory disinfection of drinking 
water.21–24 Using batch adsorption tests, the efficien-
cy of Cm1, Cm2, Hm1, and Hm2 in HA removal 
under various conditions (initial HA concentration, 
pH, contact time, adsorbent mass, and temperature) 
were tested. Fourier-transformed infra-red spectros-
copy (FTIR) analysis was conducted in order to de-
fine a portion of surface changes, as well as the 
presence of surface functional groups in tested 
modified activated carbons.
Materials and methods
Chemical modification of activated carbons
Two commercially available granular bitu-
men-based activated carbons were used in this 
study: Hydraffin 30 N (Donau Carbon Corporation, 
Springfield, USA) and Cullar D (Culligan Italiana 
S.P.A., Cadriano, Italy). The characteristics of acti-
vated carbons used are presented in Table 1.
Prior to this study, Cullar D and Hydraffin 30N 
were tested in their non-modified forms at 25 °C, 
and results showed the following performances in 
humic acid removal: in test with various initial HA 
concentrations, Cullar D removed up to 11.3 %, and 
Hydraffin 30N removed up to 45.9 % of HA. Test-
ing the effect of contact time at longest contact time 
(120 minutes) Cullar D removed 23.3 % and Hy-
draffin 30N 35 % of HA. Adsorption test conducted 
under various pH showed that maximum HA uptake 
occurred with Cullar D up to 66 % at pH 7.5. Hy-
draffin 30N also showed the maximum HA uptake 
of 56.4 % at pH 7.5. Experiments with various ad-
sorbent doses showed that Cullar D could remove 
up to 63.4 % of HA at 10 g L–1, while Hydraffin 
30N removed 22.1 % of HA under the same exper-
imental conditions. Details of the aforementioned 
tests are not presented in this paper.
Therefore, in order to increase their adsorption 
capacities, Cullar D and Hydraffin 30N were chem-
ically modified via two protocols:
Protocol 1: 20 g of activated carbon was con-
tinuously mixed with 1 L mixture of conc. HNO3 
and conc. H2SO4 mixture (1:1) during 1 hour at 
room temperature, then separated from the acid 
mixture by filtration, washed with deionized water, 
dried at 105 °C, and stored in a desiccator.
Protocol 2: 20 g of activated carbon was con-
tinuously mixed with 1 L mixture of conc. HNO3 
and conc. H2SO4 mixture (1:1) during 1 hour at 
room temperature. Oxidized activated carbons were 
separated from the acid mixture by filtration, and 
then saturated with Fe3+ ions using a 0.1 M solution 
of FeCl3, previously stabilized with acetate buffer 
(pH 3.6). Mixture of iron solution and ACs were 
constantly stirred for 24 hours at room temperature. 
Activated carbon was filtered again, dried at 105 °C, 
and stored in a desiccator.
Characterization of activated carbons
Unmodified and modified forms of the bitumi-
nous coal-based activated carbons, Cullar D and 
Hydraffin 30N, were characterized using Fourier- 
transformed infra-red spectroscopy and FTIR spec-
trophotometer Perkin Elmer, Spectrum One. Mea-
surement was conducted in the range of 4000 cm–1 
and 650 cm–1, and for the transmission method be-
tween 4000 cm–1 and 400 cm–1 with a spectral reso-
lution of 4 cm–1. To increase the signal-to-noise ra-
tio, each sample was recorded four times.
Ta b l e  1  – Characteristics of tested bituminous coal-based 
activated carbons 
Hydraffin 30N Cullar D 
Origin material bituminous bituminous
Particle size (mm) 0.6 – 2.36 0.42 – 0.84
Total surface area (B.E.T.) 
(m2 g–1) 900 1050
Density (kg m–3) 440 – 500 200 – 220
Iodine number 900 750
Water content (%) 5 3
Ash content (%) 12 15
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Experimental procedure
Humic acid was purchased from Sigma Aldrich 
(Germany). Stock solution of HA was prepared by 
dissolving 1 g of solid HA in 1 L of deionized water 
at room temperature. The adsorption experiments, 
as a function of initial HA concentration, pH value, 
adsorption time, adsorbent mass, and temperature, 
were conducted using batch experiments. The stock 
solution was diluted with deionized water to give 
the desired concentrations of HA (1, 3, 5, 7, 9, 
10 mg L–1). The initial pHs of the solutions (4.5, 
5.5, 6.5, 7.5, 8.5, 9.5) were adjusted by adding 
NaOH and/or HCl solutions at the beginning of the 
experiments. No further pH regulation or measuring 
during the adsorption processes was conducted in 
this study. The pH was checked and measured with 
a pH-meter.
Modified activated carbons (Cm1, Cm2, Hm1 
and Hm2) were weighed on an analytical laboratory 
scale. Test suspensions were obtained by adding 
0.05, 0.10, 0.15, 0.25, 0.50 or 1.00 g of activated 
carbon into 100 mL HA solution of a certain con-
centration. The adsorption involved shaking at 
120 rpm in thermostatic water bath for a specific 
time (5, 15, 30, 60, 90, 120 min). All experiments 
were conducted at 25 °C and 35 °C. Samples were 
filtrated through 0.45 μm filter paper. The HA con-
centrations and THMFP reduction were determined 
by UV spectra using UV/Vis spectrophotometer 
Specord 200 Analytik Jena AG at wavelengths 
254 nm and 203 nm in 1 cm quartz cell.
All experiments were performed in triplicate 
and average values were used for calculations.
Obtained data were processed and analyzed us-
ing the software system Statistica 13.3 (Statsoft 
Inc.) in order to calculate the mean values of UV203 
and UV254, i.e., HA concentration before and after 
adsorption. Obtained mean values were further used 
for calculations.
The percentage of HA removal (%) was calcu-
lated from initial HA concentration (γ0, mg L
–1), and 
final HA concentration (γe,, mg L
–1) according to Eq. 
(1):10
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The adsorbed amount of HA per unit weight of 
the activated carbon sample, known as adsorption 












where qe is adsorption capacity, mg g
–1; V is the vol-
ume of suspension, L, and m is the mass of tested 
activated carbons, g.11
All chemicals used in this study were of analyt-
ical grade.
Adsorption isotherms
The adsorption capacity is the value that gives 
information about the feasibility of the adsorbents 
for removing the pollutant from water. The Freun-
dlich and Langmuir adsorption equations were em-
ployed to determine adsorption capacities of modi-
fied activated carbons at 25 °C.
Freundlich adsorption isotherm
Freundlich isotherm model describes an adsorp-
tion in multilayer form at a heterogeneous surface. 
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i.e., in linearized form:
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where qe is the amount of HA adsorbed per unit 
weight of the adsorbent at equilibrium (mg g–1), and 
Ce is the equilibrium concentration of HA solution 
(mg L–1). The Freundlich constants KF and n (as 
1/n) are measures of adsorption capacity (mg g–1) 
and adsorption intensity or surface heterogeneity.
Langmuir adsorption isotherm
Langmuir adsorption isotherm describes an ad-












i.e., in linearized form:
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where Ce is the equilibrium concentration (mg L
–1), 
qe is the amount of ion adsorbed (mg g
–1), qm is qe 
for a complete monolayer (mg g–1), and KL is ad-
sorption equilibrium constant (L m g–1). The con-
stants qm and KL can be obtained from a linearized 
form of Eq. 6 by the slope of the linear plot of Ce/qe 
versus Ce.
Results and discussion
Characterization of activated carbons
To obtain a clearer understanding of the acti-
vated carbons structure characteristics, and the ef-
fects of modifications and the mechanism of HA 
adsorption onto the modified activated carbons, 
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FTIR analysis was carried out. Obtained FTIR spec-
tra are shown in Fig. 1 and Fig. 2.
Fig. 1 shows the FTIR spectrum of activated 
carbon Cullar D, before modification (original) and 
after modification with a mixture of acids (Cm1), 
and with a mixture of acids and FeCl3 solution 
(Cm2). After the modification in both cases, there 
were new peaks and an increase in intensity. HNO3 
and H2SO4 as strong oxidants, increased the amount 
of oxygen in the functional groups of the sample. 
This was evident by the observed bands that had 
formed after acid treatment at 2800–3200 cm−1 be-
longing to O–H, and at 1650–1750 cm−1 belonging 
to C–O and C=O groups. A new band appeared at 
2341 cm–1, which was attributed to the aliphatic 
C–H stretching such as in an aromatic methoxyl 
group, methyl and methylene groups of side chain. 
The sharp bands occurring around 1100–1700 cm−1 
were caused by C–O and COOH groups that were 
formed after oxidation.29 Finally, low-intensity 
bands at 749 and 667 cm−1 were ascribed to the out-
of-plane bending vibrations of aromatic C–H. Other 
studies reported bands at 557 and 465 cm−1 associ-
ated with the Fe–O vibrations bonds in Fe3O4.
3
Fig. 2 shows the FTIR spectrum of activated 
carbon Hydraffin 30N, before modification and af-
ter modification with a mixture of acids (Hm1), and 
with a mixture of acids and FeCl3 solution (Hm2). 
After modification, Hm1 and Hm2 had significantly 
different intensity of new peaks. The modification 
with a mixture of acids (Hm1) and with a mixture 
of acids and FeCl3 solution (Hm2) caused appear-
ance of new peaks and/or a stronger intensity of al-
ready existing ones. As in the case of Cm1 and 
Cm2, treatment of Hydraffin 30N increased the 
amount of oxygen existing in the functional groups 
of the sample, which can be concluded from the in-
tensity of bands formed after first modification at 
2800–3200 cm−1 belonging to O–H, and at 1650–
1750 cm−1 belonging to C–O and C=O groups. A 
new band at 2341 cm–1 can also be observed in Fig. 
2 (presence of aromatic methoxyl, methyl and meth-
ylene groups), but with lower intensity in compila-
tion with Cullar D modification. The difference in 
F i g .  1  – FTIR spectrum of activated carbon Cullar D in original, Cm1 and Cm2 forms
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the intensity of Hm1 and Hm2 bands occurred after 
oxidation in the range of 1100–1700 cm−1 implying 
higher number of C–O and COOH groups in the 
structure of Hm2. The same changes are noted with 
the low-intensity bands (749 and 667 cm−1), which 
can also be attributed to Fe–O vibration bonds in 
Fe3O4.
3
Comparing all forms of Cullar D and Hydraffin 
30N, it was observed that the transmission of peaks 
in samples Cm1 and Cm2 were higher than in sam-
ples Hm1 and Hm2. The transmission of peaks in 
samples Cm1 and Cm2 was almost equal. Analyz-
ing the characteristics of Hydraffin 30N modifica-
tions, there was a large difference in peak intensity 
between Hm1 and Hm2.
Effect of adsorbent mass on HA removal
To optimize the mass of activated carbon for 
HA adsorption, the experiments were conducted 
with different masses of Cm and Hm ranging from 
0.05, 0.10, 0.15, 0.25, 0.50 to 1.00 g, and the condi-
tions already fixed for the adsorption process (ini-
tial HA concentration 5 mg L–1, solution pH 7.5, 
temperature 25 °C and 35 °C, and adsorption time 
120 min, 120 rpm). Obtained results are present in 
Fig. 3.
In theory, as the adsorbent’s dosage increases, 
so does the surface area and the number of active 
sites, which results in the increasing of HA percent-
age removal.21,24 As shown in Fig. 3, an increase in 
adsorbents dosages increased the rates of HA remov-
al for all four tested adsorbents. The highest HA re-
movals were obtained when dosage of 1 g/100 mL 
were used at 35 °C. Comparing the efficiencies of 
modifications, more efficient removal of HA were 
obtained with activated carbons modified according 
to Protocol 1. Adsorbent Cm1, at highest tested 
dose of 10 g L–1, removed over 96 % of HA at 
35 °C (Fig. 3a), while Hm1 (Fig. 3b) removed max 
58.2 % of HA under the same experimental condi-
tions. Amount of adsorbed HA per unit mass of ad-
sorbent increased with dosages as the result of high-
er total number of active adsorption sites, but 
F i g .  2  – FTIR spectrum of activated carbon Hydraffin 30N in original, Hm1 and Hm2 forms
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significant improvement in the HA removal were 
observed only when the dosage of 10 g L–1 Cm1 
was tested. For further tests, adsorbent dosage of 
1 g L–1 was chosen.
Effect of initial HA concentration
The effects of the initial HA concentrations on 
humic acid adsorption onto tested modified activat-
ed carbons were evaluated at pH 7.5 and two differ-
ent temperatures (25 °C and 35 °C). Tests were con-
ducted using 0.1 g of activated carbon for 100 mL 
of solution with 1, 3, 5, 7, 9, and 10 mg L–1 initial 
HA concentrations. Samples were shaken at 120 rpm, 
for 120 min. Fig. 4 shows obtained results of HA 
removal by Hm1, Hm2, Cm1 and Cm2 at 25 °C and 
35 °C.
Many adsorption studies have emphasized the 
relation among the driving force for the pollutant 
mass transfer between the aqueous and solid phase 
of the initial pollutant concentration.30–32 As may be 
observed in Fig. 4a and 4b, adsorption capacities of 
all tested activated carbons increased with initial 
HA concentration. The maximum adsorption capac-
ities were achieved with activated carbons modified 
via Protocol 1, and the positive effect of higher tem-
perature on HA adsorption is also notable. The 
highest adsorption capacity of 0.18 mg g–1 showed 
Cm1 at 35 °C and 7 mg L–1 of HA, while among 
Hydraffin 30N modifications, the highest adsorp-
tion capacity was observed when Hm1 was tested at 
35 °C and 10 mg L–1 of initial HA. Obtained results 
implied that the adsorptive removal of HA by Cm1, 
Cm2, Hm1 and Hm2 was concentration-dependent. 
Similar pollutant behavior during adsorption pro-
cess was reported by Baek et al.33 They attributed 
positive correlation between initial concentration 
and removal efficiency with the higher driving force 
provided to overcome all mass transfer resistances 
of the pollutant between the liquid and solid phase.
F i g .  3  – Effects of adsorbent mass (a) Cm1 and Cm2, and (b) Hm1 and Hm2 on HA removal 
(γHA= 5 mg L
–1, T = 25 °C and 35 °C, V solution = 100 mL, t = 120 min, 120 rpm)
a)
b)
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Effect of solution pH
The pH value has a strong impact on efficiency 
of most adsorption processes, since it determines 
the surface charge of molecules. Noorimotlagh et 
al.21 reported that electrostatic, hydrophobic, and 
H-bonding interactions responsible for HA adsorp-
tion are strongly dependent on the solution pH. The 
effect of pH on the removal of HA from aqueous 
solution was studied at 25 °C and 35 °C.
Prior to the experiments, initial pH values were 
adjusted at 4.5, 5.5, 6.5, 7.5, 8.5, and 9.5. The tests 
were performed with 1 g L–1 of modified activated 
carbon. Initial HA concentration was 5 mg L–1. 
Samples were shaken at 120 rpm for 120 min, and 
obtained results are shown in Fig. 5.
Protonated adsorbent surface usually enhance 
many pollutant bindings, and, as the consequence of 
this phenomena, as Fig. 5 shows, for all tested mod-
ified activated carbons, maximum HA removal oc-
curred at pH 4.5. Further increase in pH caused a 
decrease in HA uptake, while higher water tempera-
ture had a positive effect on HA removal. As Fig. 5a 
and 5b presents, the effect of pH change on HA ad-
sorption rate was more significant in the pH range 
from 4.5 to 6.5, while changes in initial pH of the 
solutions in the range from 6.5 to 9.5 caused no 
stronger reduction in HA removal. The highest HA 
removals at all tested pH values and both tempera-
ture regimes, when compared to other modifica-
tions, were achieved with Cm1. The decrease in HA 
adsorption with increasing pH suggest that electro-
static interaction plays a role in adsorption process.3 
Namely, the low efficiency of HA removal at higher 
pH values can be explained with process of depro-
tonation of functional groups present in all modified 
activated carbon surfaces.14,31,32 According to 
Noorimotlagh et al.,21 the increase in the electrostat-
ic repulsion force of HA decreases hydrophobic and 
hydrogen-bonding interactions, while Barhoumi et 
F i g .  4  – Effects of initial HA concentration on adsorption capacity of (a) Cm1 and Cm2, and (b) 
Hm1 and Hm2 (γads= 1 g L
–1, T = 25 °C and 35 °C, V solution = 100 mL, t = 120 min, 120 rpm)
a)
b)
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al.18, emphasized that pH increase causes the sur-
face to become more negatively charged and less 
attractive to the HA species.
Soleimani et al.34 also tested HA removal by 
modified biosorbent, pumice stone. They reported 
the same relation between HA removal efficiency 
and pH value. The authors explained the positive 
effect of lower pH on HA removal efficiency by 
quicker diffusion of humic acid into adsorbent 
structure, and the changes in the diffusion proper-
ties of HA at lower pH values.
Effect of contact time
The effect of contact time on the HA removal 
from water using four types of modified activated 
carbons was determined within following contact 
time intervals: 5, 15, 30, 60, 90 and 120 minutes. 
Tests were performed at 25 °C and 35 °C at fixed 
adsorbent dosage of 0.1 g, pH 7.5, and initial HA 
concentration of 5 mg L–1. Samples were shaken at 
120 rpm for 120 min. The final HA concentrations 
as function of time are shown in Fig. 6.
As Fig. 6a and 6b shows, the increase in con-
tact time increased HA removal by all tested adsor-
bents at both tested temperatures. However, two 
phases of adsorption dynamics, fast and slow, are 
noticeable in both Fig. 6a and 6b, as well as their 
lengths and similarities related to type of AU used 
as base material. Namely, the phase of fast adsorp-
tion occurred within the first minutes of contact be-
tween HA and Hm1 and Hm2, while in the case of 
HA removal by Cm1 and Cm2, equilibrium was 
reached almost after 100 minutes.
A stronger effect of contact time on HA uptake 
was observed when Cullar D modifications were 
tested, while Hm1 and Hm2 showed no significant 
difference in HA uptake and almost constant value 
after 30 minutes of adsorption. Cm1 and Cm2 
F i g .  5  – Effects of pH on HA removal using (a) Cm1 and Cm2, and (b) Hm1 and Hm2 (γHA= 5 mg L
–1, 
γads= 1 g L
–1, T = 25 °C and 35 °C, V solution = 100 mL, t = 120 min, 120 rpm)
a)
b)
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showed a significant initial increase in HA adsorp-
tion, which, after 100 minutes approached near 
equilibrium where curves appear nearly asymptotic 
to the time axis. The initial significant increase in 
HA uptake can be attributed to the large number of 
vacant adsorbent sites, as well as a high solute con-
centration gradient, but as time passed, the number 
of vacant adsorbent sites had reduced causing the 
reduction in HA uptake. After 120 min of adsorp-
tion under experimental conditions, Cm1 adsorbed 
34.6 % and 39.8 % of HA, while Cm2 adsorbed 
28.6 % and 31.7 % of HA at 25 °C and 35 °C, re-
spectively. The Hm1 after 120 minutes removed 
15.8 % and 18.6 % of HA at 25 °C and 35 °C, while 
Hm2 under the same conditions removed only 11.9 % 
and 15.7 % of HA.
Fig. 6a and 6b also shows the correlation 
among time needed for equilibrium achievement, 
adsorption capacity, and effect of modification type 
on efficiency of HA removal. The similar positive 
effect of adsorbent modification on HA removal 
was reported by Pormazar et al.35 who tested humic 
acid removal using amine-functioned Fe3O4 
nanoparticles, and Wang et al.32 who tested adsorp-
tion of humic acid from aqueous solution onto ami-
no-functionalized degreasing cotton.
Adsorption isotherm models
Adsorption capacity is a key parameter for the 
application of certain adsorbent in water treatment, 
while adsorption isotherms are the main tool for 
prediction of adsorbent feasibility in pollutant re-
moval process and explanation of pollutant accu-
mulation process onto the adsorbent surface at con-
stant temperature. Two non-linear adsorption 
isotherm models were used to describe the humic 
acid adsorption onto tested modified activated car-
bons: Langmuir and Freundlich. The equilibrium 
F i g .  6  – Effects of contact time on HA removal by (a) Cm1 and Cm2, and (b) Hm1 and Hm2 
(γHA= 5 mg L
–1, γads= 1 g L
–1, T = 25 °C and 35 °C, V solution = 100 mL, pH = 7.5, 120 rpm)
a)
b)
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adsorption data were processed by adsorption equa-
tions at temperatures of 25 °C and 35 °C, and the 
obtained adsorption parameters for humic acid 
 adsorption onto four adsorbents are presented in 
 Table 2.
The results presented in Table 2 show that both 
isotherm models represent well the experimental 
sorption data, since similar range of correlation co-
efficients (r2) were obtained. Namely, the r2 values 
for Langmuir adsorption model were in the range 
from 0.913 to 0.967 at 25 °C, and from 0.794 to 
0.957 at 35 °C, while the r2 values of Freundlich 
adsorption model were in the range from 0.778 to 
0.959 at 25 °C, and from 0.748 to 0.983 at 35 °C. 
However, calculated isotherm parameters revealed 
that HA adsorption onto Cullar D modifications 
(Cm1 and Cm2) followed the order: Langmuir > 
Freundlich, while HA adsorption onto Hydraffin 
Ta b l e  2  – Langmuir and Freundlich isotherm models for HA adsorption by tested modified activated carbons
Isotherm Parameter
25 °C 35 °C
Cm1 Cm2 Hm1 Hm2 Cm1 Cm2 Hm1 Hm2
Langmuir
qm (mg g
–1) 0.128 0.126 0.105 0.115 0.146 0.129 0.135 0.177
KL (L mg
–1) 1.747 0.572 0.573 0.225 2.797 0.593 0.484 0.144
r2 0.967 0.9286 0.953 0.913 0.941 0.814 0.957 0.794
Freundlich
n 2.762 2.030 2.860 1.558 2.883 1.632 2.519 1.395
KF (mg g
–1)(L mg–1)1/n 0.064 0.041 0.042 0.021 0.079 0.040 0.048 0.023
r2 0.778 0.872 0.959 0.954 0.748 0.953 0.983 0.952
a) b)
c) d)
F i g .  7  – Freundlich isotherms for HA adsorption on (a) Cm1, (b) Cm2, (c) Hm1, and (d) Hm2 (γads= 1 g L
–1, T = 25 °C and 35 °C, 
V solution = 100 mL, pH = 7, t = 120 min, 120 rpm)
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F i g .  8  – Langmuir isotherms for HA adsorption on (a) Cm1, (b) Cm2, (c) Hm1, and (d) Hm2 (γads= 1 g L
–1, T= 25 °C and 35 °C, 
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30N modifications (Hm1 and Hm2) followed the 
order: Freundlich > Langmuir. Therefore, HA ad-
sorption onto Cm1 and Cm2 can be characterized as 
monolayer adsorption, while HA adsorption onto 
Hm1 and Hm2 can be characterized as multilayer 
adsorption. Figs. 7 and 8 present Freundlich and 
Langmuir isotherm modeling for HA adsorption 
onto Cm1, Cm2, Hm1 and Hm2.
Comparison of the maximum adsorption capac-
ity values according to Langmuir adsorption model 
confirmed obtained results of this study, i.e., higher 
adsorption capacities of Cullar D modifications. 
The maximum adsorption capacities for Cm1 and 
Cm2 were found to be 0.128 and 0.126 mg g–1 at 
25 °C, and 0.146 and 0.223 mg g–1 at 35 °C, while 
maximum adsorption capacities for Hm1 and Hm2 
were found to be 0.105 and 0.115 mg g–1 at 25 °C, 
and 0.135 and 0.177 mg g–1 at 35 °C, respectively.
Comparing the results obtained in this study, it 
could be observed that the modified adsorbents had 
a higher adsorption capacity for HA under higher 
temperature, suggesting that the HA adsorption pro-
cesses onto Cm1 and Hm1 were exothermic reac-
tions.
The processes of HA adsorption onto Hm2 and 
Cm2, according to Narbutt36 could be explained by 
the hydrophobic effect, i.e., increase in the thermo-
dynamic activity of large hydrophobic molecules 
formed in metal complexes, which promotes their 
transfer from the aqueous to the solid (organic) 
phase. This is unusual behavior for HA-adsorbent 
system since most of the studies37,38 have reported 
decrease in adsorption capacities with increase in 
temperature and, therefore, further thermodynamic 
investigations with used modified adsorbents should 
be conducted.
Conclusions
In the past decade, adsorption, as a water-treat-
ment method, has been in the focus of many stud-
ies, primarily due to simplicity of the process and 
wide range of low-cost materials that can be used as 
the adsorbents. Furthermore, the significant increase 
of adsorption capacities have been reported after 
chemical modification of low-cost materials, espe-
cially those conducted in aim of adsorbent iron-coat-
ing. Therefore, the purpose of this study was to in-
vestigate the efficiency of humic acid removal from 
water using two commercially available bituminous 
coal-based activated carbons, Cullar D and Hydraf-
fin 30N. Both activated carbons were modified us-
ing following protocols: (1) oxidation by acid mix-
ture (m1), and (2) oxidation with acid mixture 
followed by Fe3+-ions impregnation (m2).
The efficiency in HA removal from water of 
each modification was tested by batch adsorption 
tests under various process parameters: adsorbent 
mass, initial HA concentration, pH, contact time, 
and temperature. All tested parameters showed sig-
nificant influence on HA removal efficiency, i.e., 
increase in adsorbent mass increased the rate of HA 
removal, and maximum of HA uptake of 96 % was 
obtained when Cm1 was used in higher adsorbent 
mass dose at 35 °C. The maximum uptake of HA by 
Hm1 was 58.2 %, obtained when the same adsor-
bent dose was used at the same temperature. After 
surface coating with Fe-ions (m2), both activated 
carbons showed similar performances but lower ef-
ficiency in HA removal (Cm2 up to 62.1 % and 
Hm2 up to 50.3 %), which was attributed to ther-
modynamic activity of large hydrophobic molecules 
formed in metal complexes.
The results of the tests conducted in order to 
define the initial HA concentration effect on HA re-
moval showed that adsorption systems HA –Cm1, 
–Cm2, –Hm1 and –Hm2 are concentration-depen-
dent. The highest removal of HA was achieved us-
ing Cm1 at 35 °C and 7 mg L–1 of initial HA con-
centration, while Hydraffin 30N modification Hm1 
showed the highest efficiency when initial HA con-
centration of 10 mg L–1 was tested at 35 °C, imply-
ing that HA removal was more effective when pH 
was less than 7, and the highest efficiencies of HA 
removal were obtained at pH 4.5. Intensive adsorp-
tion of HA onto adsorbents surface under acid con-
ditions were attributed to protonated adsorbent sur-
face and fast diffusion of humic acid into adsorbent 
structure caused by changes in the diffusion proper-
ties of HA.
The contact time had different effects on HA 
adsorption by tested AC’s modifications and two 
phases of adsorption dynamic (fast and slow) were 
observed as well as their similarities related to AU 
type. The adsorption system HA and –Hm1 and –
Hm2 reached equilibrium almost within the first 
minutes of adsorption, while the adsorption system 
HA–Cm1 and HA –Cm2 reached equilibrium al-
most after 100 minutes suggesting existence of 
more active sites on Cm1 and Cm2 surface.
The equilibrium data were analyzed using 
Langmuir and Freundlich equations. Due to ob-
tained results and values of the correlation coeffi-
cients (r2), it could be concluded that Cm1 and Cm2 
adsorbed HA in form of monolayer, while HA ad-
sorption onto Hm1 and Hm2 were in the form of 
multilayer. FTIR analysis confirmed structural 
changes and mutual difference of chemically modi-
fied activated carbons, as well as favorable struc-
ture of Cm1 for HA adsorption.
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